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I e  PURPOSE OF CONTRACT 

The objective of this contract i s  t o  develop and improve both the 

hermetic seal and the operational temperature range of the nickel- 

cadmimi "space battery.r The work covered this contract involves 

three assignments. The f i r s t  adeigment involves the development of 

the hermetic seal. This assignment i s  subdivided i n t o  the following 

three phases: 

ASSIGNMENT I 

Phase I - To stw the available and most suitable leak detection 

techniquss and t o  determine the magnitae of leakage of 

the  present sea l  (both heliara weld mal and glass - to - 
metal seal) ,  

Phase 11- Improve glase - to - metal seal  and investigate new hermetic 

seal materials such as ceramic8 and improved glass formula- 

tions. 

Phase 111-The reduction of leakage of the seals by the use of improved 

construction techniqum and hermetic seal materials such a e  

high alunina c e r d c b .  

ASSIGlMFJT I1 

The second assignment involves the stw and evaluation of new separa- 

tor m t e r i a l e e  

Phase I - Electrical  and chemical resistance i n  40$ potasdun hydroxide 

This st* is divided i n to  the following phases: 

eleotrolptee 

Phase If- Determination of the correct voltme of electrolyte  to f i l l  c e l l s  

constrwted with the new separators and the 72OP ambient operational 

C & a C h f i s t i C 8 e  

Phase III-Asaampble and test oells with optirPised f i l l i n g  RS determined 
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i n  phase 2 and t e s t  at 72*F, 3ZoF, OoP and 165OF. 

ASSIGNMENT I11 

This portion of the contract i e  a study of the  raagnetic f i e ld  

strength of a ten c e l l  battery and an investigation to minimize 

the aagnetic f i e l d  intensity created by connecting the ten c e l l s  

i n  series arrangement . 

2 



I1 DATA AND DISCUSSION 

A. ASSIGEPIENT I 

The work of this research contract concerned i t s e l f  with two main 

tasks. Assignment I was designed to improve the r e l i a b i l i t y  of the 

hermetic sea l  of the cylinderical nickel- cadiaim battery. 

was divided in to  the following 

Phase I - 
Various available leak detection techniques were investigated. 

T h i s  task 

three phases: 

These 

ranged f r o m  the bubble type t e a t s  which depend on the observation of 

bubbles as a c r i t e r i a  of f a i l u r e  t o  helium and argon mas6 spectraneters. 

The bubble t e s t s  involved immersion of t h e  par t  t o  prescribed depths i n  

l iquids  such as water, alcohol with a vacuum, water With a wetting agent, 

heated s i l icone o i l  etc. The sens i t iv i ty  of the bubble t e s t s  range from 

approximately A X I O - ~  cc/sect. to  61~0'~ cQ/eec. 

type leak detectors ut i l iz ing t race  gasea such a3 helim, argon, radio- 

act ive halogen have sens i t iv i t ies  of loe9 t0 lodf2 cc/sec. 

The decision was made that the leakage r a t e  for a satellite bat tery 

should conform to o r  be bet ter  than one standard cubic centimeter of 

air/inch of seal as per Mil-S-8&4 ( W u )  for a Orade A seal. 

t e s t  conditions for  this seal  are defined under MIl-Std4202B Condition C. 

A Consolidated Electrodynarnice Co. leak detector modified for t h e  de- 

The maas spectrometer 

The 

tect ion of e i ther  helium o r  argon was therefore purchased for this in- 

vestigation. Testa were condwted ut i l i l iag Varioua mass spectrometer 

techniques ie. the spray technique, the pmbe technique and the 

vacuum technique. 

investigations of battery components sinee the detection of heliun 

i s  more sensit ive and less prone to background interference than is 

It was decided that heli\;on would be used fo r  all 
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argon. The VBCU\IIII technique, u t i l i a ing  helium as a t r ace r  wag 

used for the determination of the magnitude of leakage in 

the present hermetic seal. The leak r a t e  of the glass  t o  

metal seal employed a t  the  start of this cantt'act waa found to  

range from &%dO%c to 5.OXl(rgco/dec, with &I average of ap- 

proxbate ly  3.8XlOo7 atm/sec. These figure8 represent the heliua 

leak r a t e  f o r  a total of 2.26 inches of glaas to metal eeal on the 

hermetic cover. Table I graphically i l l u s t r a t e s  the range and av- 

erage of our  pre-contract type hemetio Cover$. Table I1 shows the 

conversion of measured leak ra te  (on tha glares to mew seal) from 

ab .  cc/eec, to  cc/year per inch of seal for  both helium and air, 

These tables indicate t h a t  the st&nd&rd glass to metal seal ranged 

from a Grade A sea l  to  a Grade C seal Ad define8 in Mil-S-8484 (USAF) 

Phase 11 - 
A study of the various cause of ltbakage in the glass - t o  - m e t a l  

seal. 

Three causes of leakage in the glass ta i&eW s e d  were found. They 

are a8 follows: 

pin during the manufacturing processr (b) Irregular too l  marks i n  the 

contact surfaces of the machined oover blank and (c)  The degree of oxi- 

dation of the positive t e r m i d  pins, 

atituted to  eliminate the first two 8efeate. 

terazioal pins of 52 alloy were obtained and coihed cover blanks were 

manufacturd to avoid i r regular  surfacesr 

(a) Groves cut in to  the aider of the posit ive terminal 

Correotiva, measures were in- 

CdJnterless ground rod 
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Interval (atm.cc/sec.) Score f 

1 .0 i lo -~  - ~ . 9 x 1 0 - ~  // 2 

5 . O i l O 4  - 9.91rlO'~ // 2 

18 -6 /// 

5 . O i l O 4  - 9.91rlO'~ // 2 

18 -6 /// 

The geometric configuration o f  the current glass-to-metal seal has a total 

linear dimension of 2.26 in .  Table I1 shows the conversion of ineasured 

leak rate on our glass-to-metal seal  covers from atno C C / S ~ C .  to a h .  cc/sec./ 

inch of seal for both helium and air, 
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GLASS-TO-;GTAL SEAL LUXAGE RATL - PIUOR To CE~NTRACT 

Measured Rate 
of leakage o f  
He( a b .  cc/sec .) 3 7 8 k ~ o ' ~  5 Oxlo+ 4 6 71d04 

Kate of He per 
inch of sea l  

(atm.cc/sec,/in,) 1 -68X1C1'~ 2 . 2 1 a d  2 ,OSXlO'5 

Rate of He per 
inch of seal per 
year( cc/year/in,) 5-52 

Hate of He leakage 
per year converted 
to a ir  leaktige 
( cc/year/in.) 5 -05 

0699 661 

.w 602 

The above table indicates that the present standard glass-to-uetal seal ranges 

from a Grade A seal (mine value above) to a Grade C seal (max6 value sbove) as 

defined i n  AIL-S-8484 (USAF) 

TABU I1 
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Several covers using Corning 9010 glass which fa i led  leak t e s t s  

were 

interface of the terminal pin and glass. The matrix formed by t h e  

glass  was found to be coarse with only a small amount of the glass  

forming a bond wi th  the terminal pin. 

evaluate the e f fec t  of the degree of oxide formation upon the glass- 

to-metal bond. Results showed t h a t  t he  covers with non-oxidized 

pins exhibited a much finer g lass  matrix than the or iginal  samples 

with virtiually no large bubbles a t  the interface.  

a new formulation recommended by Corning g lass  called No. 0088 

was tes ted and found t o  be superior to the 9010 type. 

The above investigation yielded a significant s h i f t  i n  t h e  leak 

rates of the g lass  t o  netal  type seals. 

range and average of the measured leak ra tes  on the improved version 

of the glass t o  metal seal, 

i n  the LOIKLO-~ t o  4.9a0-9cc/sec. range, 

version of the measured leak r a t e s  i n  Table I11 i n  a b  cc/sec. t o  

air leakage i n  cc/year. 

sectioned and l a rge  bubbles were noted t o  be p e s e n t  a t  the 

T h i s  i n i t i a t e d  t e s t s  t o  

I n  addition, 

Table I11 i l l u s t r a t e s  the 

The major portion of  these seals were 

Table I V  shows the con- 

T h i s  table  indicates  that the glass  t o  metal seal  as manufactured 

now falls well within the 1 cc/year/inch of seal. maximm leak rate 

specified f o r  a Class A seal. 

seals included i n  the dis t r ibut ion which makes mandatory the tes t ing 

of all hermetic seals before assemblying in to  s a t e l l i t e  bat ter ies .  

There are, however, some very bad 
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Interval (ATM cc/Sec .) 

1.0 x 10-6 - 4.9 x 10-6 

5.0 10-7 - 9.9 x 10-7 

1.0 10-7 - 4.9 x 10-7 

5.0 x - 9.9 x 

1.0 x 10-8 -. ,409 x 10- 8 

5.0 10-9 - 9.9 x 10-9 

1.0 10-9 - 4.9 x 10-9 

Score - F 

IC 

1 

6 

1 

2 

0 

- 

126 

ur, 

TABLE If1 

8 



GLASS-TO-METAL SEAL LEAKAGE RATE - IMPROVED VERSION 

LeRkage Rate Average - Min. Nax . 
of HE ( A b  cc/Sec.)per 
2.26 inch of seal 

Measured Rate of Leakage 4.18 10-9 1.88 10-9 4.9 10 -6 

-6 Rate of HE per inch of 1.85 109 .83 x 2.1.7 x 10 
seal - ccjSec.jIn 

Rate of  HE per inch of  00585 4 0263 68.2 
s e d  per Year (cc/Year/In 

Hate of HE Leakage per Year 00532 00240 62.2 
Converted t o  A i r  Leakage 
(dc/yeadIn) 

TABLE IV 
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Phase I11 

T h i s  portion of t h e  contraet was concerned with the in- 

vestigation: and development of the ceramic type seal. A 

corrosion study of sixteen promising glass and 

type hermetic sealing materials was also conducted i n  this 

section. 

The ceramic to  metal seal was investigated with the hope of 

reducing the s t r a in  cracks i n  the  glass  which developed during 

the heliarc welding process. Furthennore, the ceramics WLrr 

thought to  be more res i s tan t  to electrolyte  corrosion. Pre- 

liminary investigations of ceramic 

were capable o f  helim leak rate6 equal to or bet te r  than those 

which could be expected from the  glass  - to - metal seals. The 

r a w  ceramics were also great ly  superior i n  terms of their  cor- 

rosion resistance and strength factora. 

The first stage of this program was the investigation of t he  

c h d c a l  resistance of the ceramics to exposure to 30% potassium 

hydroxide at 150°F. 

materials t o  the above exposure conditions. 

sistance was ueasured i n  terms of milligrams of  weight loss 

per q u a r e  iooh 

we selected 968 alumina type ceramics f o r  the new cerainic - to- 
metal. seals. It can be seen from Table V t ha t  the ceramics 

are highly at t ract ive in terms of their  corrosion resistance 

in comparison to  the g lass  type materiala. 

seals indicated that they 

Table V llbstcl the resistance of sixteen 

Corrosion re- 

of surface area. On the  basis of t h i s  t e s t  
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Ident i f ica t ion  
_I I_ 

Corning 9010 

Corning G-12 

Corning 8161 

Corning 0088 (1) 

Mansol a-060 

Harveg 2100 

Mycalex Supramica 
620 BB 

Ceramic f o r  
Industry 694 
( a t  150'F) . 
Ceramic f o r  

( a t  200 F) . 0 Industrg 694 

Glass 

Glass 

Glass 

Glass 

M i  ca- f i 11 ed 
glass  

Lead Borate 
M i  ca-f i l l e d  
glass 

Alumina 96% 

Weight Lo?s&nit A r P a  - m.g/in2 a t  150'F. 
7 Dags 14 Days 30 Days 60 Days 

13.8 67.6 278 421 + 

12.5 31.5 81 .a ??.O (L1 clnys) 

23.5 40.3 146 . 0 185.0 (41 d e p )  

14.0 26.0 83 114 

1?.3 93.0 243 00 300 

312 Test ended - not r e s i s t an t  

- - not r e s i s t an t  

Alumina 96% 27.6 43 .7 51 .O 57 .o 

Shaw Instrument Pure Alumina 0 0 0 5.22 
co. 99.7% 99% 

Shaw Instrument Alwina 13 .O 26.2 43.0 60.3 
co. 9095 

Shaw Instrument 95-97s 8.7 10 .o 11.8 U.4  
Coo 9097 

American Lava 243 Fors te r i te  4.22 9.5 21.5 28.1 - 475 Zirconium 1 5  -15  43 04 80.3 150.0 
Ceramic 

Diamonite P-3142-1 Alumina  95-9746 - - 6.76 7.38 7.89 

HCA BK l.4026-81 Almina 85-96 4.5 - +1.70 + 6.89 
6% 

TABLE V 
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The second stage of the ceramic development was a detailed 

study of differences in metalizing on ceramics from different 

manufacturers, Generally, it was found that (a) the thicker 

the metalizing the poorer the bond strength and (b) that 

leakers mostly occurred on the inner braze which is designed 

as a matched seal, A matched seal requires that the positive 

terminal cup have exparsfon characteristics to match those 

of the ceramic - Kovar, Ceramaseal and Fernico 5 have proved 
to be the most suitable materials for our type ceramic seal, 

Furthermorep the matched seal requires that the temperature 

of the brazing operation be extremely well controlled since 

at too high a temperature the inner cup shrinks too quickly, 

pulling the metalizing from the surface of the ceramic. The 

present ceramic seal looks good, Future design, however, 

indicates that an all, compression type seal would be more 

reliable since the difficulties involved in manufacturing 

the matched inner seal would be eliminated. An investigation 

of the heliarc welding process was also conducted at this 

time. Our work with can and cover materials and heliarc 

welding techniques has led us to the conclusion that the 

material employed f o r  can and cover should be of the same 

materials, Plating tended to lead to difficulties if it were 

not securely bonded to the base material, The actual techniques 
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used during the  h e l i a r c  welding process and t h e  protect ion of  

t h e  core and g l a s s  or ceramic s e a l  from excess ive  heat  were 

the  most important part of t h i s  operation, 

a b l e  amount of spec ia l  training f o r  the  h e l f a r c  welding 

After a consides- 

operators,  techniques were evolved which l e d  t o  improvements 

in t h e  welding part of the hermetic s e a l  processo 

11 8. 



B. ASSIGNMENT I1 

GENERAL DISCUSSION 

one of the most c r i t i c a l  components of the nickel-cadmiun space 

battery is the separator material. The material used m u s t  be 

absorptive, allow the passage of ions, be highly permeable to 

oxygen for  reconbination and must be unaffected by 40% KOH solu- 

t ion  over a wide range of operational and storage temperatures 

of -4OOF t ~ - k l 6 5 ~ P ,  I n  addition, the  separator m u s t  be physically 

r e s i s t an t  to abrasion, separation and other conditions encountered 

when the battery is subject to shock, vibration, and acceleration. 

The separator program of t h i s  contract was designed to expose the 

ba t te r ies  to the worse environmental conditions. 

A subcontract was l e t  with Radiation Applications Inc., of Long 

Island City, New York t o  develop and to produce tes t  samples of 

radio act ive graf t  copolymerized materials to be used as battery 

separators. 

ment of separators f o r  sealed cel ls .  

enhance the characterist ics of the basic synthetic fibers by the 

addition of secondary groups which may have ion exchange charac- 

t e r i s t i c s  as well as hydrophillic properties lending themselves 

to strong absorption of electrolyte. 

a separator of t h i s  type involves exposing the basic plastic fi lm 

o r  non-woven material t o  a radio act ive source, thereby creating 

f ree  radical s i t e s  fo r  the copolper imt ion  of a selected nommer 

which then may o r  mey not add ion exchange characterist ics.  

following basic requirements m u s t  be met pr ior  t o  acceptance of 

any of these materials f o r  test  purposes: 

1. 

These materials are a new approach t o  the develop- 

The theory being, that they 

The technique of p d u a l n g  

The 

Thickness not  greater than .010 inches. 
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2. 

3. 

4 .  

Material m u s t  be f lexible  enough t o  permit core rol l ing 

operation i n  a dry condition. 

A resistance i n  30% KOH of not more than .050 ohms./sq. 

in. when subjected t o  a DC current of 0.10 ampere sq. in. 

A t ea r  strength suff ic ient  to permit rol l ing of core, and to 

withstand vibration and shock of final component without 

damage . 
PHASE I - ELECTRICAL RESISTANCE IN %$ Potassiun Hydroxide. 

The separator materials submitted were exposed to 40$ potassium 

hydroxide for  a period of 10 days a t  72'P to 200OF. 

which indicated no degradation rsIevidenced by decrease i n  phy- 

s i ca l  strength or coloring of the electrolyte  were then tested f o r  

the e l ec t r i ca l  resistance i n  308 potassium hydroxide. 

Table V I  is a l i s t  of a l l  separator materials evaluated under 

this contract with a comparison of t h e i r  r e s i s t i v i t i e s ,  thicknesses 

and a figure called 'KOH retentionn. 

of the weight of the material a f t e r  a two hour immersion in KOH 

versus dry weight. 

Table VI1 is a l is t  of  separators which were 

Radiation Applications but not subnitted to Sonatone fo r  the 

various reasons noted. Radiation Applications reported t h a t  re- 

peated attempts have been made to prepare usable samples 

on nylon8 o r  flurocarbons without success. In order to increase 

the conductivity of these separators it i s  necessary t o  increase 

the leve l  of grafting to a point where the films become extremely 

b r i t t l e .  

Materials 

T h i s  i s  defined as the r a t i o  

investigated by 

based 



Sample No. Resistivity 
308 KOH 

709 5-1 PolyGropylene 
Carboxylic g ra f t  .034 ohms/in2 

-2 Polypropylene .04l " N 

Carboxyli c g ra f t  

N -3 H.D. Polyethylene 0043 " 
Quaternaryamine g r a f t  

Oriented polypropy- .058 it N -4 
lene carboxylic g r a f t  

-6 Non-woven polypropy- .052 N 

lene carboxylic g r a f t  

-7 Low density polyethy- .080 N 

lene carboxylic g ra f t  

-8 Cellophane-Styrene .042 N 

gra f t  

Cellophane-Styrene 0047 N -9 
Acrylonitri le 

-10 Non-woven yolypropy- .052 N 

lene-quaterni zed 
Amine g ra f t  

-11 Non-woven polypropy- .048 " N 

lene-carboqlic acid 
graf t  

Thickness 
(inches) 

KOH 
Retention 

.001 

. 002 

. 003 

. 026 

.003 

.002 

-002 

.015 

-025 

3 a4 

4 -9 

3 04 

2.2 

7.0 

7.9 

rejected 

rejected 

TABLE VI 
(Cont .) 



Sample NO. 

709 5-12 

-13 

-14 

-16 

-17 

-18 

-19 

-20 

Non-woven Qolypropy- 
lene strong acid 
g r a f t  

Non-woven rayon- 
Styrene g r a f t  

No n-wove n rayon- 
styrene-acryloni t r i l e  
g r a f t  

Non-woven polypropy- 
lene carboxylic graf t  

Non-woven polypropylene 
basic g r a f t  

Woven teflon-carboxylic 
g ra f t  

Non-woven polypropylene 
carboxylic g ra f t  

Non-woven polypropylene 

Standard non-woven 
polypropylene 

Standard cellulose 

Resistivity 
30% KOH 

-050 

035 

-034 

- 

-054 

.052 

. 046 

.040 

.037 

.028 

Thickness 
(inches) 

-030 

.010 

. 010 

- 

.009 

0005 

,006 

0005 

0007 

. 006 

KOH 
Retention 

- 
r e  j ec ted 

9.6 

11.6 

rejected 

4 -0 

1 . 3  

1.7 

2.3 

3.5 

4.2 

KOA re tent ion is defined as the weight of the material a f t e r  
a 2 hour soak i n  KOH compared to dry weight. 

TABLE VI 
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C.  ASSIGNHENT I11 

The purpose o f  this phase of the program was to deter- 

mine whether or  n o t  a 10 "D" c e l l  battery would create 
-5 

the maximum allowable magnetic f i e l d  in tens i ty  of 10 

gauss a t  a p o i n t 3  f e e t  from the battery. 

A magneto-meter sensit ive enough to make this measure- 

ment was not available, therefore, an a l te rna t ive  A.C.  

method was devised. This technique involved impressing 

a 1.0 emp. A.C.  current t h r u t h e  battery. The resul t ing 

current induced i n  a calibrated co i l  was measured lq a 

wave analyzer thru a matched gain transformer. The mea- 

suring arrangement 
. - - -  

a R t r E e Y  SfT 

'-P 7 
' P I C K - U P  COIL 

- - _ - -  

Fig. 1 Measuring Arrangement 

REQUIREMENT H 1~ -5 
Maximum allowable mgnetic-field in tens i ty  Max 10 Gilber t  per centimeter. 
3 f t .  from source. 

CALZBFUTION OF PICK-UP-COIL 
co i l  19 given ty 

\Sa24 LJ 
Its impedance a t  lo00 CPS is &=26+1105OHMS from which L=lb.7m$ When E= 3 . 2 ~  
RMS is applied across c o i l  - terminals the current i n  the coi l ,  for loo0 
CPS,  is  

z 3. -2. = 0, oaCik79mp. 
a b + _ ;  \ o s  

16 



PLACING THE PICK-UP COIL ( S E E  F ie .  1) IN T H A T  M A G N E T I C  FIELD 
THE QENERATED OPEN C I R C U I T  VOLTAGE I S  0.48 V R M 8 .  HENCE 
H = IO'' CORRESPONDS T O  

THE EQUIVALENT CIRCUIT OF PICK-UP-COIL MAI NOW B E  DRAWN A $  
I N D l C A T E D  I N  F l Q .  2.  

13 = 95 t ;loo0 A 

IVW F i e ,  2 E Q U E Y A L E N T  CIRCUIT C O R  
P I O K - U P - C O I L  I N D I C A T I N G  IMPEDANCE 
VALUE A T  1000 OP8.  AND OPEN C I R C U I T  
V O L T A Q E e g =  13 .7pV COR H = 
G l L e E R T  P E R  C E N T I M E T E R  

SINCE THE WAVE A N A L Y Z E R ' S  Y O 8 1  S E N S I T I V E  RANBE I 8  3 0 h V  
f U L L - S C A L E )  THE I N S E R T I O N  O f  A G A I N  TRANSFORMER BETWEEN 
P I C K - U P - C O I L  AND W4VE ANALYZER P R O V I D E S  MORE C O N V E N I E N T  
R E A D I M G S  AT 8 U C H  A LOW LEVEL.  THE C O U B I N E D  E Q U I V A L E N T  
C I R C U I T  AND C A L I B R A T I O N  I S  I N D I C A T E D  I N  Flee 3. 

F I G .  3. EQUIVALENT C I R C U I T  WHEN T H E  G A J M  TRAN8FORMER IO 

I N P U T  I Y P E D A N C E  O f  WAVE ANALYZER A N D  I T 8  V A L U E  I S  ABOUT 
0.1 MEG. OHM, e' I 8  THE VOLTAGE A C R O 8 8  ZL ,  AND G I 8  THE 
I N B L R T I O N  6 A l N  (FROM SOURCE GENERATOR T O  LOAD) .  

P L A C E D  BETWEEN P I C K - U P - C O I L  AND WAVE ANALYZER.  Z L  18 THE 

OUR F I G U R E  F O R  W A V E  ANALYZER R E A D I N G  Now F O R  H = l o o 5  
G I L B E R T  PER OM I 8  eL = 13.7 x 4.2 = 57.5 v 
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. 
MAGNETIC-FIELD I N T E N S I T Y  OF A LCOP OF RADIUS R FCR CURRENT L 

T H I S  R E S U L T  MAY BE I N T E R P R E T E D  I N  TERMS O F  E f C E C T I V E  LOOP RE-  

T H A T  C O N T R I B U T E S  TO T H F  OVERALL M A G N E T I C - f l E L D  I N T E N S I T Y  SHOULD 
N O T  BE GREATER IN AREA THAN 50 S CM. WHEN C A R R Y I N G  1 AMPERE I f  
THP FIELD I S  T O  B E  L E S S  T H A N  l o m 8 '  G I L B E R T  PER CM. AT 1 METER.  

S U L T I N G  F R O M  W I R I N G  WHEN B A T T E R I E S  AR€ C O N N E C T E C j  I . E . ,  T H E  LOOP 

RANDOM NOISE I N  MAGNETIC-FIELD I N T E N S I T Y  MEASUREMENT 

THROUGH THE G A I N  T R A N S F O R M E R  AND W I T H  NO CURRENT F L O W I N G  IN 
THE BATTERY C I R C U I T  THE W A V E  

W H E N  T H E  PICK-UP COIL or F I G .  1 C O N N E C T E D  T O  T H E  W A V E  A N A L Y Z E R  

HENCE 
ANALYZER R E A D S  1opv AT 1000 C P I .  

OR 
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8 

MACNETiC-FIELD I N T E N S I T Y  DUE TO CURRENT F L W I N C  I N  BATTERY C I R C U I T  

W H E N  THE BATTERIES A R E  C O N N E C T E D  T O G E T H E R  A S  INDICATED IN FIG. 4 
THE R E A D I N G  ON W A V E  ANALYZER,  l e € *  eL, L E S S  THAN F O R  ANY 
P O S I T I O N  of  B A T T E R Y  SET A T  3 f T .  D I S T A N C E  f R O M  P I C K - U P  C O I L  AND 
1 AMP. RUS.  

T 
I -\ 

FIG. 4 TOP V I E W  O f  1 0  S E R I E S  CONNECTED "D" S I Z E  C E L L S  S H O W I Y G  
W I R I N G  ARRANGEMENT T H A T  I S  RECOMUEWDEDo 

DECREASING T H E  DISTANCE FROM 3 F T .  T O  1.5 F T .  ~ , I N C R E ~ S E ~  
T O  50,d IN ONE PARTICULAR B A T T E R Y  S E T  POSITION. T H I S  POSITION 
16 A P P R O X I M A T E L Y  I N D I C A T E D  I N  F I G .  5 .  mj,(TF'j 

Puuy2k7L 
I 

c-- 
*- - -  O ,  I- M F d .  
FIG. 5 DIAGRAM O F  P A R T I C U L A R  B A T T E R Y  S E T  P 0 8 1 T 1 3 N  I N  W H l C M  THE 

M A X I M U M  M A G N E T I C - f l Z L D  l N T E N 8 l T V  IS PRODUCED BY THa S E T  
WHEN W I R E D  AS T H A T  OF FIG. 4 AND 1 AMP. f L O W I N G  THROUGH 
THE 8ET.  

I F  THE B A T T E R I E S  A R E  CONNECTED TOGETHER A C C O R D I N G  T O  F l O .  6 

AS I N D I C A T E D  I N  F I G .  5 AND F O R  CURRENT O f  1 AMP. 
eL= 18OfiV A T  3 r t .  AND 8OOpV A T  1.5 r T .  w i i H  THE SAME P O S l T l O N  

F l e e  6 TOP V I E W  O f  10 SERIES CONNECTED "D" SIZE C E L L 8  8 H O W l N G  
W I R I N G  ARRANGEMENT T H A T  SHOULD NOT B Q  U S E D .  

19 



CoNcLusloy 
I T  H A 8  B E E N  8HOWN THAT THE U l R l W O  ARRAWB€MLNT P L A Y 8  AN I U P O R T A N T  
ROLC I N  KCEPSWO THE U A Q N L T I C - F I E L D  I N T E N O l l Y  AT LOU L E V L L .  MORE 
PRLOZIELY fROM TAOLE 1 I T  I 8  OBVIOU8 THAT I T  18 NOT THE 0 ~ t t t R Y  
8LT THAT B U I L D 8  UP T H E  M A O W E T I C - I I L L D  l N T E N 8 l T Y  BUT THE LOOP 
T M A T  R O 8 U L T b  CROY C O W M ~ C T l N O  G I L L 8  TOO€THER.  MOREOVER, 8 I N C E  
T M 4 8  LOOP I 8  8 U R R O U N D I D  OY I R O N  Y A T E R I A L ,  OWE M A Y  E X P E C T  A 
D l 8 T O R T E D  FIELD, A 8 l Y P L E  C A L C U L A T I O N  M A Y  V Q R l t Y  THAT I T  IS 
8 0 .  IN FIG. 6 TME C H Y 8 l t A L  D l M E N 8 l 0 W 8  O F  W I R I N G  LOOP ARE 1 4  CY.  
AND 3 OM. TNE ARLA OF 8UoM A LOO? 18 42 8 Q o  OU.  WE N A Y  RE- 
? L A O B  T M €  LOOP U I T M  AM ~ Q U I V A L P W T  ARLA O F  A O I R B L E  W H I O N  HA8 A 
R A D l U 8  



Since the battery s e t  contributes t o  the magnetic-field in tens i ty  l e s s  
than 0.17nUO-5 G i l b e r t  per a. 
r e su l t  so tha t  a loop surrounded Q i ron  saterial generates a dis tor ted 
f i e ld  tha t  i n  this par t icular  case is about 12.7 DB higher a t  one point 
than it would be i n  the absence of i ron  material. 

(See Table 1) one may in te rpre t  this 

In order t o  keep mgnetic-field in tens i ty  a t  low leve l  twisted wire has 
to be used and so connected to the c e l l s  t h a t  the loop result tng from 
this connection be as small as possible. 
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PWSE 11 

T h i s  section of the  separator evaluation program w a s  designed to de- 

termine the correct 

each separator which passed the  e l ec t r i ca l  and chemical resistance 

requirements of Phase I. Phase I1 was conducted according to Test 

Plan 2 of the Technical Proposal f o r  Radiation Applications Inc., 

aa follows: 

TEST PLAN 2 

A. Assemble 1 5  experimental ce l l s ,  

electrolyte volume t o  be used in sealed c e l l s  f o r  

Fill 3 groups of 5 c e l l  with 3 

l eve ls  of KOH. Assemble 6 control cel ls .  A l l  control c e l l s  are 

to be constructed with standard 7 Mil Polypropylene separator. 

Perfom 3 normal charge - discharge 

all ce l l s ,  

Perfom 50 automatic charge - discharge cycles i n  75OFt5'F ambient 

removing 50$ of capacity a t  the  1 hour rate. 

B. cycles i n  75'FkSOF ambient on 

Charge at  8 hour ra te .  Discharge a t  1 hour ra te ,  

C. 

D. Perform 2 manual charge - discharge cycltes as i n  section b to de- 

termine amount of degradation, 

DISCUSSION OF TEST RESULTS PHASE 11 

RAI #7095-6 (Appendix P. i - i i i )  

This separator was eliminated from fur ther  tes t ing  a f t e r  Test Plan 2, 

Sec. D. Qls a result of poor performance, 

t e a t  separator was 26 mils thick necesaitating the  ramoval of ac t ive  

The non-woven polypropylene 

plate area. 

resistance cell. 

RAI 87095 -7 (Appendix P. iv - Viil 
T h i s  separator is a membrane type (low density polyethylene-carboglic- 

graf t ) .  

Furthennore, this material resulted i n  a high i n t e rna l  

This separator compared favorably wlth t h e  control c e l l s  during 
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cycling conducted according to Test P l w  2. This  separator w a s  

eliminated a f t e r  Test Plan 2 as a r e su l t  of high cycling tempera- 

ture during automatic cycling ( i n  excess of 120°F) , which resulted 

i n  increasingly poor performance. 

RBI #7095-8 (Appendix P. v i i i  - x) 
Membrane type separator (cellophane styrene graf t ) .  This separator 

w a s  eliminated a f t e r  Test Plan 2. Pressure build up i n  c e l l s  during 

l i f e a e s u l t e d  i n  a number of c e l l  ruptures. 
c UJUi-l 

Bulging c e l l  cases elimi- 

nated the remainder of  the c e l l s  i n  this group. Degree of bulging 

w a s  dependent on the  amount of e lectrolyte  tha t  the c e l l s  were f i l l e d  

with ie .  17, 18, 19% of core weight. 

RAf 87095 -9 (Appendix P. fi - xv) 

Membrane type separator (cellophane styrene acry loni t r i le  graf t )  . 
This separator i s  similar to 7095-8 and w a s  eliminated after Test Plan 

2 as a l l  c e l l s  exhibited bulging a f t e r  charge cycle number 8. In addi- 

tion, the end of discharge temperatures were too high and would have 

caueedti eventual degradation of the cel lulosic  type material. 

RBI m5 -10, 11. 12. 

The above three separators a re  all based on grafted non-woven polypm- 

pylene material. They were a l l  rejected f o r  exceeding the nuudmun al- 

lowatile thickness specification. See Table’ VI. 

RAI ms -13 (Appendix P. Xvi - Xxi) 
bn-woven rayon based mater ia l  (rayon - styrene graft.) 

This separator performed well on cycling p$an of Test Plan 2. Capacity 

and voltage leve ls  were equivalent t o  control cella. This  separator 

w a s  subsequently cycled according to Test Plan 3 a t  the various tem- 

peratures. 
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FuI m5 -4 (Appendix P. xxi - & i i )  

lon-woven rayon based material (rayon - styrene acry loni t r i le  

graf t ) .  This separator's perfonnance character is t ics  were the same 

as those of 7095-13. 

Test Plan 3. 

Cells were advanced t o  cycling regimen of 

m5 -17 (Appendix P. d x  - x x x i )  

Ion woven polypropylene based material (basic graf t )  . 
This separator fielded good room temperature perfornance on a few 

of the cel ls ,  but because of e r r a t i c  r e s d t s  on others it was de- 

cided not to proceed with the temperature cyoling as per Test Plan 3. 

RBI m5 -18 (Appendix P. d i  - xxxii-a) 

woven t e n o n  based mater id  (carboxylic graf t )  

A large -of bulging was observed in the  t e s t  c e l l s  durilyS the 

l i f e  cycle program of Test Plm 2. Teatsconducted with t h i s  separator 

material immersed in 1.30 speuifi6 gravity KOH disclosed a unique 

unraveling of the tef lon fibers. 

of high pressure i n  these c e l l s  resulted in the elimination of this 

material from fur ther  cycling per Test Plan 3. 

This  phenomena coupled with the evidence 

RAI m5- 19 (Appendix P. ii _- x l i i i )  

Non woven polypropylene base (oarboxylic g ra f t )  

This separator exhibited good room temperature performance and was sub- 

sequently cycled as per Test Plan  3. 

RAI m 5  -20 ( A P R ~ I I ~ ~ X  P. f l i p  - liii) . L. 

Non woven polypropylene base (eulfonated etyrene graft). 

This separator in cells f i l l e d  a t  the 1% l eve l  yieldatresults superior 

to the control c e l l s  under t h e  cycling r e g h e n  of Test Plan 2 and was 

uontinued on t e s t  as per Test Plan 3. 



This soctlon of. tho psbrator pr0gr.r war drs ignd  tC0 doter- 

mlno the tsrrperatuko operational characteri6tios of COUI 

containing sopantora  which passed 

quirerents of Pharo XI. Phase X I X  was corpducbcl according 

to  Test Plan 3 of the 

t h o  room tuaperature ro- 

*Technical Pmposal for Radiation A p  

plicat lonr ,  Inc.0 is outlined below 

T 

A -  Perform 2 manual chug. - discharge cycler a t  moa aa- 

bient. 

chargo a t  1 hour rate at 001, + 32? d +165O?. 

Charge colla a t  8 hour rate a t  750? ?So? and. d i e  

B. Perfoxm 2 aanual charge - dischargo cycles a t  roam am- 

bient. Ch8rgo a t  8 hour rate and dlschargo a t  1 hour 

nu. 
+ 1691, amManti. 

Charges and discharges to  occur i n  O0P, +32? and 

C. Perform 100 charge - discharge cycler In O o ? , & p ?  .ad 

+165'? amMentr on 3 separate gmupa of cells. 

cycle Is 325 m for  7 hours. 

Charge 

Mschargo cyclo I s  1.75 ma 

for 1 hour. 

31 SECFfOlJ 1: 

A. U6o s i x  ddltIon8.l elrperlnental and three aontml cel lo  

for 30 day charges in 0'1, +32OP nnd+165°? u M e n t r .  Two 

experimental and 1 control c e l l  aro tco k used In each tea- 

poraturo catogoq. 

: DISCIBSIbl O? TEST. WUL '73 PHASE 1x1 

A total of four soparator8 wero cyclod. acco rd lq  to Tort plur  3. 
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They were t h e  two rayon based materials nunbers 7095-13 and 

7095-I4 and two of the polypropylene based f ab r i c s  numbers 

7095-19 and 7095-20. 

were as follows: 

RAI #7095-13 (Appendix P. xvi - xxi) 
Non-woven rayon based iaaterial (rayon - styrene g ra f t ) .  

separator exhibited high end of charge voltages during the 

100 cycles a t  O°F (1-58 vs 1.52 f o r  the  controls) and ex- 

tremely poor capacity a t  the 165OF cycles. 

the tes t  c e l l s  

rator after the  165OF cycling regimen. The material was there- 

fore  excluded from fur ther  tes t ing  a f t e r  Test Plan 3 Sec. 1C. 

RAI m5 -14 (Appendix P. xxi -xxViii)  

Non-woven rayon based material (rayon - styrene ac ry lon i t r i l e  

graft) .  

The performance of t h i s  

of m5-13 and w a s  eliminated f r o m  fu r the r  tes t ing  a f t e r  the 

tamperatme cycling of Test Plan 3 Sec. IC. 

RAI 8 0 9 5  -19 (Appendix P. d i i  - xlii) 

Non-woven polypropylene base (carboxylic g ra f t )  . 
This separator survived a l l  cycles on Test P l a n  3. 

charge 

Sec. 1C were higher a t  O°F than t h e  control ce l l s .  

one undesimM.s feature. Performance of t h e  165'F temperature 

w a s  possibly poorer than the control cel ls .  I n  any event, t h i s  

separator d i d  n o t  give Lny indication of superiority over the  

standard polypropylene control cel ls .  

The charac te r i s t ics  of  these a a t e r i a l s  

This 

J3xamination of 

indicated complete deterioration of t h e  sepa- 

separator was almost ident ica l  t o  t h a t  

The end of 

voltages which occurred during the  cycling of Test P l a n  3; 

This was the  
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RAI #7095 -20 (Appendix P. x l i v  - liii) 
Non-woven polypropylene base (sulfonated styrene graf t )  . 
This group of test c e l l s  exhibited lower end of charge 

voltages a t  the 0°F,+32'F and+165'F than did the control 

ce l l sdu r ing  cycles of Sec. lb. 

the end of the  100 cycles of  Sec. IC a t  the O°F ambient. 

test  c e l l s  now developed undesirably high end of  charge 

voltages. The t e s t  cel ls  were completely degraded after 

the 30 day charge at+165 F of Sec. I1 A. The test  ce l l a  

on the continuous charge cycle of Sec. I1 A. gave superior 

perfonnence than did the control c e l l s  a t  the O°F andu75'F 

ambients. Overall performance of t h i s  separator indicates 

t ha t  it might have possible advantages over the standard 

untreated polypropylene over the temperature range of O°F 

t o + 7 5 O F  or higher. 

result of a capability of withstanding a higher electrolyte  

f i l l i n g  level.  

the battery would be subjected to high centrifugal spin. 

The s i tuat ion changed by 

The 

0 

This s l i g h t  advantage w a s  probably the 

This advantage might a lso  prove useful. where 
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I I I CONCLUS ION 

The work done under t h i s  c o n t r a c t  has  led  t o  very  d e f i n i t e  

advancements i n  t h e  performance and t h e  r e l i a b i l i t y  o f  t h e  her-  

m e t i c a l l y  sea l ed ,  cy l fnde r i ca l  type, nickel-cadmium "Space 

b a t t e r y  , " 

Leak d e t e c t i o n  techniques and f i x t u r e s  designed s p e c i f i c a l l y  

f o r  b a t t e r y  components have been developed and a r e  i n  cons t an t  

use  i n  t h e  "Space Bat te ry  Laboratory," 

The glass-@-metal hermetic s e a l  has  been improved t o  t h e  po in t  

where t h e  covers  now have l e a k  r a t e s  of less than  10-9cc/sece 

This  i s  equiva len t  t o  ,058 c c  of a i r  p e r  year  pe r  inch of sea l .  

The ceramic s e a l  was evaluated and improved under t h i s  con t r ac t .  

I t ,  too ,  has  a leak  r a t e  o f  less than  10-9cc/sec. 

Experience has  been gained i n  t h e  manufacturing technique and 

con t ro l  r equ i r ed  t o  t u r n  o u t  a more r e l i a b l e  product ,  

The l a t e s t  improvement i ~ t h e  ceramic s e a l  i s  t h e  use  of vacuum 

tube  grade of s i l v e r  brazing a l l o y  i n  p l a c e  o f  t h e  8% gold -18% 

nicke l  braze,  The s i l v e r  braze  has  proven more r e l i a b l e .  

The d m t f l i t y  f a c t o r  o f t h e  s i l v e r  r e s u l t s  i n  l e s s  l i k e l i -  

hood of  t e a r i n g  t h e  me ta l l i z ing  from t h e  ceramic, This  c o n t r a a t  



I11 CONCLUSION - Cont'd. 
has pointed out the need for new improvements in ceramic seals. 

Sonotone fs now engaged in research investigating new seals. 

Under Assignment I1 we investigated various irradiated separator 

materials. The only one which showed promisewas 7095-20 - 
a non-woven polypropylene with a strong acid graft. This mat- 

erial, however, did not offer  any outstanding advantages over our 

standard type polypropylene, especially at high operating temper- 

atures, Cold temperature performance was slightly better, pro- 

bably as a result of the hfgher electrolyte filling. This in* 

creased filling level is a result of the higher electrolyte reten- 

tion characteristics of the separator. This may also improve the 

characteristics of the cell under high centrifugal spin, A 

by-product of this investigation was the evolvement of a testing 

technique useful in evaluating separators for cylindrical type 

rerahrgeable nickel-cadmium batteries as well as a performance 

criterion against which new materials may be evaluated, 

Under Assignment I11 it was shown that the intercell wiring 

arrangement is a more important factor in creating magnetic field 

intensity than the battery itself and that this field can be kept 

at a minimum by a proper wiring arrangement, 
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SIBQtUX OF D A U  

TEST PLAN 2; SEX. B, SEPAAATOR # 7095-6 

VOLT: 1,40 1.42 J .4t  1.42 1, 41 

~ S E C .  wLr. - DISCH. 1.33 /. 32, 1.32 /*31 /. 3z 
MID. WLT AT I.oV E.P. 1.21 I .  16 I .  18 / . I 3  1 .  v45 

1 . 0  VOLT 403 308 3- 308 366 
0.60 VOLT 422 358 3 2 5  340 379 

EM7 OF CHARGE TEMR 80°F #OF 81°F #'F 80°F 

END WWA&€ VOLT 1.41 1.44 1.42 1-44 I 1.42, 

P 





SUiMARY OF DATA 

TEST PLAN 2; SEC. D. SEE’AR4TOR #7O95-6 

Control 

8 A i l  P.P. 

17% 

Cells 
0 Test 1 Test 

7095-6’ 7095-6 

1% 1s 

1% 18% 

Separator Ty2e 

Electrolyte - % Core Wgt. 

No. Cell Averaged. 

Cycle After 50 Autoinatic Cycles 

Avg. 2 Cgcles: 

End. Ch. Volt. i Charge 8 Hr .  

Disch 1 H r .  Rate , 5 Sec. Volt. 

Amb. Teinp. 75’F. (Mid. V. 1.OV 

End Ch. Volt. 

Disch. 1 Hr. Rate. 5 Sec.’Volt. 

Amb. Temp. 75OF. Mid. V. 1.OV 

T h e  t o  1.OV 

Charge 8 H r .  

Minutes i 0.60V i 
Supp. Disch. a t  5 H r .  Rate t o  0.60~ 

I 

( :;::t:: 6% 
Supp. Disch. h t  5 Hr. Rate To O.&V 

1.W 

1.25 

1.17 

86.1 
92.5 

17.9 

6 

; Per Test P lan  2; Sec. C. 

1 e37 

1.23 

1.15 

45.5 
63 .O 

26.0 

1 .A1 

1.15 

1.06 

37.9 
55.1 

25.0 

1-39 

1.165 

1.105 

w .O 
55.8 

28.2 

Test 
19% 

709 5-6 

19% 

3 

1 .L% 

1.07 

30.1 
53 -0 

31 .O 

Test 
20% 

709 5-6 

20% 

2 

i .35 

1.19 

1.125 

42 -3  
62.8 

23.8 
Time 

m u  4s Pc 
1.44 

1.14 

1.03 

40 -4 
8Cl. 5 

57.0 

Test P 

1 .G 

1.21 

1 e11 

62.8 
79.3 

41.6 

PII 2, s 

1.44 

1.19 

1.08 

56.8 
78.8 

54.9 

B e  

1 .G 

1 .a 
1.13 

82.0 
95.5 

29.7 



~~ 

SWMARY OF DATA 

TEST PLAN 2; SEC. B. SEPARATOR # 7095-2 0 
Cycliw Rates: 

Charm 8 Hr. 600 M. A. 

16 Ar. 300 M. A. 

Discharne 5 Hr. Rate 560 M.A. 

1 Hr. Rate 2.25 App. 

Cycle #l 

Charge 16 Hr. 

Disch. 5 Hr. Rate 

Amb. Temp. 75OF 

AVR, Cycle #2, 3 & 4 

Charge 8 Hr. 

Dlsch, 5 Hr. Rate 

Amb. Temp. 75'F 

0 







SISW-HSC 3F DATA 

TEST PLAN 2; SEC. D R.A.T.  SEPARATOR #7095-7 0 
Cyc1iI-g Rates: 

Charge 

Discharge2.25 Amp. (End Pt. 1.0~; 0.60V) 

600 M . A .  - 8 Hr. 

~8118 

Separator Type 

Electrolyte - Score wt. 

Perst 

7095-7 

17% 

mtrole 

'.P 

.% 

'lan 2 ;  

1-45 

1.29 

1.18 

84.2 

92 .A 

lV16.3 

I 
Test Test 

7095-7 7095-7 

I 189 1 19% 
ec. C. 

1.45 

1.29 

1.19 

84.1 

89 07 

18.5 

50 Aub 

1.45 

1.29 

1.19 

89.7 

94.7 

17.9 

ratic CYCl 

1-43 

1.29 

1.19 

83.2 

87.1 

11.2 
(Time) 

.e.. --_ ... ... ... -- . _._ 

Firat Cycle After Tast Plan 2; S 

Charge: 600 

2.C 

1-39 

I_ 

1.25 

1.17 

46.9 

58-4 
\ Supp. Disch. at 560 M.A. to 0.60V33.4,. 

1.40 

1.25 

le19 

49.1 

56.6 

37.9 

1 .u 
1.25 

1.19 

51 -4 

56.8 

35.5 

1.40 

1.25 

1.19 

58.1 

65 .o 

27.0 

Second Cycle After Test Plan 2;  Sec.C. 1 

1-43 1.42 

028 1.28 1.26 1.26 

1.19' l.lY+ 

56.2 58.8 
6.6 68.0 62.1 63.5 

32.4 27. I 

vii 



SUMMARY OF DATA 

Cycling Rates: 

8 Hr. Charge - 600 M A .  
1 Hr. Discharge - 2.25 h p .  

R.A.1, SLkARATOR #7095-8 

Cells Control 

Separator Type 

ihc tro ly te  - %ore Ut. 

No. O f  Cells 5 5 5 

Mscharge - Hr. Rate 

Amb. Temp. 80'F 

Test 

7095-8 

1% 

5 

q, 
97 

13 ,I 

103.7 

No. O f  Cells 

Charge 8 H r ,  RateEnd of Charge Volt.1.U 

Discharge 1 Hr. Ra 

Time to 1.0 Volt (Min)61.7 70 09 46.2 33.7 

Time to 0.60 Volt (Mi475 67.A 60.9 
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SlprMBRg OF DATA 

TEST P U N  2; SEC. b. SEPARATOR #7095-9 

Cycling Rates: 

CharRe 8 Hr. 600 H. A. 
16 Hr. 300 H. A. 

Mscharne 5 Hr. Rate 560 MOA. 
1 Hr. Rate 2.25 h p .  

D i s c h .  5 Hr. Ra 

Amb. Temp. 75OF 

AVR. Cpclea 2,364 

Mach. 1 fir. Ra 

I I I 
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SOMMARS OF DATA 

TEST PLAN 2; SEC. D R.A.I.  SEP. #7095 - 9 

cel la  

Separator Type 

E lec tro ly te  - % Core Wgt. 

Controle Test 

P.P.  709 5-9 

1s 179 

Avn. Three (3) Cycles Before Test Plan 2; Sec. C 
1 

Charge - 8 Hr. (Ehd. Ch. Volt. 1.42 

Disch. 1 Hr. Rate 1.28 

Amb. Temp. 

98.6 

Supp. Disch. a t  560 M.A. to 0.60~ 

1.46 
1.27 

1.18 

84 .4 
89.8 

15.3 

Test 

7095-9 

18% 

1.45 

1.29 

1.20 

95.3 
100.0 

16.6 

-71 7095-9 

1.45 

1.29 

1.20 

101 09 
104.7 

11 06 

Avn.Rl0 (2) Cycles After Test Plan 2; Sec. C 

Disch. 1 Hr. 

Charge - 8 Hr, 

Bmb. Tmp. Mid. V (1.OV) 

Supp. Disch a t  

1.50 

1.28 

1.20 

95 03 
103.6 

12.7 

1.48 

1.2m 

I .2W 

98.2 
106.1 

12.8 

l . W +  

1.295 

l.U+ 

107.5 
112 . 3 



Cyclinr Rates:? 

rest 

709 5-13 

8 Hr.  Charge - 600 M.A. 
1 Hr .  Discharge - 2.25 Amp. 

Test 

709 5-13 

R . A . I .  SZPkkUiTOR #7095-13 

Cells 

Separator me 

Electrolyte-$ Core Wt. 

No. of  Cells 

4 
Control 
Poly 
Propylene 

1% 

-- 
Test 

7095-13 

1% 18% 

Avg. of Three 13) Cycles Before Test P lan  2; See. C 

Charge 8 H r .  Rate End o f  Charge Volt 
Gischarge - 1 Hr. Rate 
Amb. Temp. 80°F 

( 5  sec. Volt .  1-30 
Range . 03 . 01 e 0 3  

Mid. Volt (1.OVEP) 1.17 1.19 1.20 
KaKange .01 . 02 .02 

Time t o  1.OV (Min) 83.5 93 .? 100.8 
Ranm 17.2 6.0 14.4 

T i m e  t o  0.6OV ( M i d  88.4 97.6 103 .4 

Discharge 

Range I 19.1 I 6.4 I 15.4 

19% 

3 1 
1-45 

905 

1.31 . 02 
1.20 . 01 
101 
10.5 

103 . 6 
12.9 

\ 

0 



\ 
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SUM!!RY OF DATA 

0 TEST P U N  2; SEC. b. SEPARATOR # 7095-14 

CYCLING RATES: 

C W E  16 HR. - 300 M e  A. 

8 IIR. - 600 M. A. 

DISCHARGE 5 HR. RATE 560 M. A. 

1 m. RATE 2e25 AMP. 

I 1 1 

SEPARATOR TYPE 

ELECTROLYTE k CORE WT. 
NO. CELLS AVG. 

1 II 

CYCLE #l END OF CHARGE V 1.39 

CHARGE 16 AR. - 5  SEC. VOLT 1.31 
DISCH. 5 HR. F T E  
AMB. TFMP. 75 F TIME TO 1.OV 359.4 

A X I D .  V AT 10OVW1021 

0.60~ 369.2 

AVG. CYCLE 2,384 END OF CHARGE V 1.Q- 
5 SEC. VOLT. 1.30 

CHARGE 8 HR. 
DISCH. 1 HR. F T E  
AMB. T W .  75 F TIME TO 1.OV 87.7 

0.6OV 92.8 

MID V AT 1.OVEP 1-18' 

SUPP. DISCH AT 5 HR. RATE - A H I N .  0.6V 19.0 

TEST 
#709 5-14 
10 MIL 
17% 
5 

1.40 

1.31 
1.21 
356.2 
361 04 

1.44 
1 . 27+ 

1.17 
87.1 
90 09 

8.5 

TEST 
flW5-14 
10 MIL. 

2 
L 

1.38 

1.30 
1.21 - 
343 2 
348 6 

+ 

1.42; 
1.27 

1.18 
88.6 
91 09 

6.3 

TEST 
#709 5-14 
10 MIL 
1 

5 

1.38 

1.31 
1.21 
373.3 
379.2 

1.42 
1.28' 

+ 1.18 
93.3 
97.3 

8-9 
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SlMMARY OF DATA 

t 

'EST 
'09 5-14 
.9% 

CYCLING RATES: 

CONTKOL cms 
SEPARATOR TYPE P. P. 
ELECTROLYTE 46 COKE W'l'. 17% 

TEST PLAN 2; SEC. D R.A.I. SJP. jYf7095-14 
I 

TEST TEST 
7095-14 7095-11 
lB 1s 

r' 
1-42 
1.28 
1-18' 
93.3 
97.3 

1.46 

1.19 
85 -9 
93.7 

12-2 

1.26 

1 

AVG. THREE (3)  CYCLES BEFOHE TEST PLAN 2: SEC. C I I 

- 

. 

CHARGE - 8 HR END OF CH. 'VGLT. 1 ./.1 I l.U+ 
DISCHARGE 1 HIJ 5 SEC. VOLT. 1.30: 1.27 

1.18 1.17 AMB. TEMP. 80 F 
T I M E  TO 1.OV 87.7 87.1 

MID. VOLT (1.OV) 

0.6ov 92.8 90.9 
SUPP. DISCH. AT 5 HK. RP-TL' TO 0.bOV 

(560 3 . A . )  

1.42 
1.27+ 
1.18 
88.6 
91.9 

AVG. OF TWO (2) CYCLES AFTZR TEST PLAN 2; SfjC. C. 

CH!JGE - 8 HR. END OF CH. VOLT 1.4.2 
1.29 DISCHARGE 1 9. 5 SEC. VOLT. 

.A!!. T Z i .  80 F MID. VOLT (1.c)V) 
TIME TO 1 .OV 84.1 

(560 M.A,) 0 .&V 90-3 

1.19 

SUPP. DISCH. -4T 
5 HR. RATE TO 0 . 6 0 ~  ' 

1.50, 1-49 
1.26 1.26 

82.9 76.1 
92.1 86.7 

1-17 1.16 
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SUMMARY OF DATA 

CELLS CONTROL TEST TEST 
SEPARATOR TYPE POLY PROPYLENE 7095-17 7095-17 
ELECTROLYTE 5 CORE E T .  17 96 17% 189 

4 

CYCLING RATES: 

8 HH. CHARGE - 600 M. A. 
1 HR. DISCHAFGE 2.25 AIQ. 

TEST 
'Ioq5-17 
19% 

N o . c E u s  5 5 

DISCHARGE - low 
AMB. TEXP. 80 F 

KID. VOLT. (1.OV EX') 1.18 1.17 1.18 1.18 
DISC HA RCE RANGE .03 007 -04 . 06 

RANGE 12.3 29.7 4.2.5 05.3 
TIME TO 1.OV (EdN.) 91.4 74 85.3 76.4 

TIME TO 0.6~ (XI) 96.5 

5 
CHARGE 8 HR. U T E  END OF CHARGE VOLT ll.45 I 1.48 1.43 11-44 

No. CEUS 5 5 5 
C W E  - 8 HR. RATE END OF CHARGE VOLT 1.Q 1.55 1.45 

A%. T W .  1.26 1.26 1.27 
RANGE . 04 -04 005 

MID. VOLT (1.OVEP) 1.18 1.15 1.18 
RANGE . 06 015 -05 

TIME TO 1.OV (MIR.) 69.4 56.2 77.7 
=E 27.3 111.5 21.9 

TIME TO O.6V ( M I N . )  80.9 75.0 83.5 
RANGE 18.9 27.5 21.1 

0 
DISCHARGE 1 RANGE -06 ;lo . 10 

DISCHARGE 

5 
1.48 . 06 
1.25 

.05 
1.17 
.12 

66.6 
35 
78.3 
28.7 
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SUMMARY OF DATA 

CHARGE END OF CHARGE VOLTAGE 1.45 11.44 

5 SEC. VOLTAGE 1.31 1.30 
.O .01 

DISCHAFGE A S  $3OVE RANGE . . b o 2  
AMB. T I W .  75 F 

CYCLING RATES: 

1.4 1 *43 . 02 002 

1.31 1.30 
.02 .01 

8 HR. CHARGE .".600 M.A. 
DISCHAFGE 2.25 AMP. 

l e 1 8  1 1.19 
DISCHARGE -i, .02 -01 002 

TIME TO 1.OV (MINUTES) 93.4 100.4 106.7 
RANGE 11 19 1228 

11 .6 20.2 u . 9  
TIME TO 0.60V (PlINUTES) 98.3 104.3 111.2 

RAW.?? -_ \ 

AVERAGE OF THREE (3) CYCLZS BEFOM TEST PLAN 2; SEC. C 
1 I I I 

1-19 
002 

1.04 
23.6 

109.1 
22.6 

~~ ~ 

f 

NO. CELLS 5 

CHARGE 
DISCHARGE A S  ABOVE END OF CHARGE VOLTAGE 1.46 
AMB. TEMP. 75OF RANGE .08 

5 SEC. VOLTAGE 1.28 
RANGE e 0 8  

MID VOLTAGE (1OV EP) 1.19 
RANGE . 09 

T I L E  TO 1Ov (MINWES) 71.5 
RANGE 24.1 

TIPE TO 0.60~ (XINUTES) 79.9 
RANCE u . 2  

DISCHARGE 

AVERAGE OF TWO (2) CYCLES AFTER TEST PLAN 2; SEC. C. 
1 1 1 1 

6 5 6 

1-45 1.48 1.45 . 04 . 16 . 10 
.02 03 -05 

1.28 1.28 1.25 

1.18 1.18 1.17 . 93 . 03 .07 

76.7 77.7 71 
- 2 . 2  __ 6.2 15.5 

83 *9 83.2 81 
12.9 9 -0 10.8 



1 I -7 1 



RBI SEPARATOR 709% 19 TEST pLB# 2 

7 

Cells CONTROLS 
Separator Type 
Electrolyte 1 s  
No. of Cella Tested 17 

POLY PROPYLENE 

Cycling Rates Charge 600 M.A. - 8 Hr. 

Discharge 2.25 Amp. 

TEST TEST TEST 

17% 18% 19% 
8 8 8 

7095 -19 7095 -19 7095-19 

1.43 , 

004 

1.26 
003 

1.16 
.03 

95.8 
43.6 

102.5 

36.6 

Average-of Three (3) CY c les  Before Test Plan 2; Sec. C. 1 

1.44 
.05 

1.27 
002 

1.16 
.04 

99.2 
15.3 

102.9 

17.6 

Charge 
Discharge 
Amb. T q .  75OF 

. (Mnutes) I 

Range '18.4 

1.41 

1.26 
002 

.03 

1-14 
.03 

94.1 
18.8 

104.3 

11.4 

Average O f  Tu0 (2) Cycles After Test Plan 2s Sec. C. 

Charge Nunber Cells 

Mschargo 
Amb. Temp. 75OF. 

As Above 

Discharge 

Time to 1.OV 

Ram0 59.4 15.3 
Time to 0.60V 82.5 76.4 

1 3 

1.42 1-43 
005 .Ob 

1.25 1.27 

04 .04 

1.16 1.16 
005 .04 

78.8 86.6 



9 
Y cu 

t I  

t '  i! 
. .  6 

a 

t 
Y 

Y * 



K.A.1. SEL'ARATOR '7095-19 TEST PLAN 3; SEC 1 A .  

CHARGE 325 M . B .  - 8 HR. 

DISCHARGE 1.75 AMP. TO 1.OV E.P. 

SEC. 1 A: 

CHASE AT 75'F - DISCHARGE AT 75'F (AVC. 2 CYCLES1 
CONTROL CELLS TEST CELLS 

AVG . - - AVG . RANGE N =9 
N=6 

END OF CHARGE VOLT 1.40 03 1 4  
5 SEC. DISCH. VOLT, 1.26 .01 (STAND TIiYE 1.26 
%ID. VOLT (198 E,?.) 1.18 . 02 49 HRS.) 1.17 
14INUTES TO 1 . ) V  67.8 6.5 63.3 
MINUTES TO 0.60V 72.7 6.8 66.1 

CHARCE AT 75'F - DIXHARGE AT O°F (AVG. 2 CYCLES) 

N-6 
- AVG . RANGE 

N= 9 
AVG . 

END OF CHARGE VOLT. 1.40 . 01 1.a 
5 SEC. DISCH. VOLT. 1-22 .02 (STAND TIL% 1.18 
PIID VOLT. ( 1 .0~  EP) 1.14 -03 22 HRS.) 1.10 
idINUTES TO 1 . ) V  42.5 10.1 32.1 
K"ES TO 0.60V 46. 5 8.9 32.8 
SUPP. DISCH TO 0.60V 16.1 

(75'F) 19.1 12 

CUABGF: AT 75'F - DISCHARGE AT 32OF (AVG. 2 CYCLES1 

AVG . - 
. I  

RANGE - AVG - 
Nz6 N39 

END OF CHARGE VOLT. 1.40 002 
5 SEC. DISCH. VOLT. 1.24 .02 (STAND TIME 1.20 
MID VOLT. (1OVEP) 1.15 03 16 HRS.) 1.13 
MINUTES TO 1.OV 53.7 8.3 45.8 
MINUTES TO 0.63V 55.1 9 50.6 

CHARGE AT 75'F - DISCHARGE AT 165'F (AVG. 2 CYCLES) 

RANGE - AVG . - AVG . - 
N=9 

END OF CHARGE VOLT 1.40 . 02 1.42 
5 SEC. DISCH. VOLT 1.20 -02 (STAND  TI.^ 1.18 
MID VOLT (1.OV EP) 1.15 . 03 6 W.) 1.15 
MINUTES TO 1.OV n.7 10.7 66.8 
iJlINUTES TO 0.60V 78.6 12.3 73.2 

RANGE 

004 
'02 
.01 
23 
26.3 

RANGE 

03 
00 5 
-08 
16.3 
15-3 
9 

RANGE 
-_-.- . -  
03 
04 

005 
18.4 
19.1 

RANGE 

03 
03 
04 

19.3 

- 

18.4 

NOTE: STAND TL'E REFERS TO TIME AT DISCH. AMBIENT PRIOR TO DISOH, 

I d i 



R.A.1. SEPARATOR 7095-19 TEST PLAN 3 (CON'T) 

SEC. lb: 

CHARGE AT O°F - DISCHARGE AT O°F (AVG. 2 CYCLES) 
CONTROL C E U S  TEST CELLS 

RANGE - N :6 AVG . RANGE N = 9  && - 
004 1.59 005 END OF CHARGE VOLT. 1 51 
002 1.27 03 5 SEX. DISCH. VOLT. 1.27 

.QD. VOLT. (1.OV Ep) 1.17 -02 (STAND TIME 1.15 04 
M I N U T E S  TO 1.OV EP 79.7 9.9 16 HBS.) 72.6 20.9 
MINUTES TO 0.60V EP 83.8 3 75.8 19.8 

2.1 8 .4 4.3 SUPPo EISC1.X. TO 0.6OV L o 8  
(75'F) 

CHARGE AT+32'F - DISCHARGE AT 32OP ( A X .  2 CYCLES) 

Est9 Aoa, - RANGE 
1. *45 010 END OF CHARGE VOLT. 1.43 002 

5 SEC. DISCH. VOLT. 1.28 ,01 (STAND TIME 1.27 002 
MID. VOLT. (1,OV Ep) 1.19 .01 16 HRS.) 1,18 002 

90 7*8 8165 29.3 

3.0 4.1 5.7 

N=6 RAN(fE 

M I N U T E S  TO 1 o O V  W 
KINUTES TO 0.6OV FP 92.9 7.3 83.2 31.1 
SUPP. DISCH. TO 0.60V 2.1 

( 75'F) 

G W E  AT +165OF' - DISCHARGE AT 165'F (AVG. .2 .CYCLtEs) 

RANGE 

.02 

- N=6 d AVG - RAaQE N =9 AVG, 
+ 

END OF CHARGE VOLT. 1.32 - 1.31 
5 SFL DISCH. VOLT. 1.18 002 STAND TIME 1618 002 
MID VOLT. (1,OV EP) 1,10 004 16 HRS. 1.09 -09 
MINUTES TO 1,OV EP) 51.8 4.1 47, 8 35 
MINUTES TO 0.60V EP 60.1 13.2 64.3 45.5 

J40TEa STAND TIME REFERS TO U S E D  TIME BETWEEN CHARCE & DISCH. 
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R.A.1. SFPARATOR 7095-19; TEST PLAN 3 

- BEFORE 
AVG R 
-0 - 

END OF CH. VOLT. 1.U 
5 SEX. DISCH. 

- 
VOLT 1.28 .02 

SEC.ld (AFTER LIFE CYCLE) : 

CHARGE 75'F - DISCHARGE 75'F 

CELLS WHICH WERE LIFE CYCLED AT O°F (AVG. 2 CYCLES): 

AFTER - AVG. & 

1.40 - 1.43 .01 1.40 - 
1.20 -01 1.26 -02 1.22 .01 

- 

0 

- BEFORE 
A V G , E  

0 

AFTER 
AVG. R 
- - -  

END OF CH. VOLT 1.0 001 1.40 - 1.43 -01 

MID. VOLT 

M I N U T E S  TO 1.QV 76 

5 SEC. DISCH. VOLT1.27 .02 1.22 .01 1.27 - 
1.18 .ai 
69.2 8.9 

M I N U P E S  TO 0.60V 79.6 4.3 81.3 5.5 74.7 12. 

I 
(1.OV EP) 1.18 - 1.16 001 

2.8 73.5 1.1 I 

MID. VOLT 

MINUTES TO 1,OV 72.8 8.1 
M I N U T E S  TO 0.6OV 76.6 0.8 

(1.OV EP) 1.18 001 

1.40 - 
1.22 001- 

1.16 - 1.18 001 1.17 - 
63.5 2 67.3 8.7 58.4 11.2 
67.6 3.2 7 2 3  11.4 60.6 10 

1.17 .01 
63.7 20 
66.2 21.4 

R 
BEFOIlE 
-0 AVG - 

END OF CH. VOLT 1-41 .02 

VOLT 1.28 -02 
5 SEC. DISCH. 

CELLS WHICH WERE LIFE CYCLED A T + 3 2 "  (AVG. 2 CYCLES): 

CONTROL CELLS (2) TEST CELLS (31 
I 1 

AFTER 
AVG. B 
1.46 .01 1.43 .01 1.46 .oi 

1.21 - 1.26 .02 1.20 002 

- 

MID. VOLT 
(1.OV Ep) 1-18 001 

HIlmEs To l0QV 75.4 2.8 
MINUTES TO O.6OV 80.4 3.2 

1.14 002 1.18 .01 1.13 .04 
36.8 6 4  66.6 4.4 34.8 3.9 
41.6 11.8 76.3 7.3 37.1 6.6 

CELLS WHICH WERE LIFE CYCLED AT 4l65'F (AVG. 2 CYCLES): 

CONTROL CYS (2) 

BEFORE AFTER 
2 -  AVG R 



AMBIENT TEMl 

CELL TYPE 

START 
1 DAY 
2 
3 
6 

l'i 
18 
20 
21 
25 
27 
30 

TEST PLAN 3; SEC. I1 A 

CELL VOLTAGE DURING 30 DAY CHARGE 

K.A.I. SEPARATOR 7095-19 

CHARGE RATE 325 M.A. 

Test 
1 2 3 

1.29 1.29 1.34 
1.33 1.32 1-35 
1.33 :le32 1-34 
1.31 1.30 1.33 
1.31 1-31 1.34 
1.31 1.30 1-34 
1.32 1.32 1.35 
1.31 1.31 1-35 
1.31 1.31 1-35 
1.31 1.30 1.36 
1.31 1.31 1.37 
1.32 1.32 1-38 
1.32 1.32 1-38 

Control 
1 2 

1.38 1.37 
1.49 1.46 
1.48 1.44 
1.44 1.42 
1.46 1.W 
1.47 1.40 
1-45 1-44 
1*43 1943 
1.Q 1-43 
1.39 1.42 
1-39 1.a 
1.40 1.42 
1.39 1.42 

Test 
1 2 3  

1.37 1.34 1.37 
1.16 1.U 1.45 
1.u 1.42 1.44 
1.G 1-41 1-42 
1.0 1.40 1.41 
1.40 1.39 1.40 
1.44 1.43 1-44 
1.43 1.43 1-43 
1.a 1.4l 1.44 
1.42 1.0 1.43 
1.11 1.a 1.42 
1.42 1-41 1.42 
1.42 1.40 1.42 

MBIENT TEMP. OC 

;ELL TYPE Control 
1 2 

1.39 1.32 
1.59 1.5t 
1.67 1.66 
1.64 1.63 
1-60 1.60 
1.60 1.59 
1.66 1.61 
1.64 1.61 
1.65 1.60 
1.65 1.60 
1.65 1.61 
1.63 1.61 
1.61 1.61 

Test 
1 2 3  

1.36 1.39 1-38 
1.62 1.65 1.64 
&58 1.65 1.58 
1.57 1.61 1.57 
1.59 1.61 1.56 
1.57 1.60 1.55 
1.62 1.65 1.59 

1.60 1.64 1.58 
1.60 1.63 1.57 
1.60 1.64 1.58 

1.59 1.64 1.59 

1.60 1.63 1.57 

1.60 1.64 1.57 

DISCHAFGE AT 1.75 AMPERS 

24 HOUR STAND AT 75'F. 



TEST PLAN 3; SEC. I1 A 

CELL VOLTAGE DURING 30 DAY CHARGE 

R.A.1. SEPARATOR 7095-19 

CELL TYPE CONTROL - .. 

OPEN CIR. 
VOLTAGE 1.a 1.23 

5 SEC. VOLT 1.14 1.14 

CON’T. 

$ 
TEST 

2 1 2 3  

1.22 1.24 1.22 

1.12 1.12 1.09 

L.28 1.32 

1.21 1.22 

1.16 1.17 

33 129.6 

ll9 149 

1 2 1 2 3  

1.32 1.31 1.32 

1.23 1.22 1.25 

1.17 1.16 1.17 

108.1 109 112 

119.2 128 124 

(Mn) 

T i m e  to 0.60 111 115 99 92.5 86 
V Min. 

,YID. VOLT 1.05 1.03 
(1 .ov> 

1.02 1.06 1.02 

r 

1.26 1.26 

1.20 1.20 

1.12 1.u 
97.5 l4OOr’ 

1 2 1 2 3  

1.26 1.26 1.34 

1.21 1.19 1.22 

1.14 1.1.5 1.111 

147.2 104.2 160 

130.3 156 162 133 164.8 



SUIWARY OF DATA 

TEST PLAls 11: R.A.I. SEPARATOR 7095 -20 

Cella Control 
Separator Type Poly Propylene 
Electrolyte 5 Core Wgt. 1s 
100, of cells Tested 6 

Cycling Rates: 

Test Test Test 
7095-20 7095-20 7095-20 

* 7  + 7  9 
13 18% 19% 

ch=ti?e End of Charge 1.41 
Macharge A s  gbove Volt . 
hb. T-0 78 F m e  4 .02 

Range +, .02 
Mid, Volt. (1.0v1.18 

Time t o  1.0~ 

5 Sec. VoltArg.1.27 

Rawe .c2~.02 Macharge 

Am. of Three (3) C y  cles  Before Test P l a n  2; Sec, C. 
1 

1 .a 1.41 1.43 
+ 2 .04 2 .02 - .04 

t .03 - -02 2 .03 
1.17 ~ 1.16 , 1.17 

1.26 ,1027 1.27 

% .Ob - -03 - 003 

(Mid, 86.7 
Baane - 17.5 

"nre to 0,60v 

i 74.8 78.4 .b 85 09 
- 2l.4 220.6 - 20 

Am. of Two (2) Cycles After Test P l a n  2; Sec. C. (50 Life Cy. A t  Room Temp.) 
I I I 

End of Chargel . 38 
Volt  
Range - Above 

5 Sec. Voltage Bmb. Temp 

I 
1.38 j 1.38 1.37 

t Y + - 001 _- 001 - 001 
i 
I 

As 

. 
' 1.28 bl:Z /! .03 

1.29 
m e 4  .02 

Mid. Volt 1.W I 

+ 1.29 - 002 

EP + l o 1 9  
Bange- 001 

Time to 1.W 
M scharge 

1.21 i 1.18 + 1.18 
- 002 .03 - 002 + 

* MITE: TWO (2) C E U S  I1 l"$ TEST GROUP SHORTED DURING 1st CYCLE) 
ONE (1) CELL IN l8$ TEST GROUP SHORTED D W H G  1st CPCLE 

I Min. +72.8 466.7 
Range -22.2 -23.8 

Min. + 95.9 84.6 
Time to 0.6ov 

xliv 

+73.4 + 84.1 
-19.3 - 20.4 
+93 .9 107. 5 

Range- 21.5 38 -18.4 Ira 
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R.A.I. SEPARATOR 7095-20 TEST PLAN 2 

CHARGE 325 MOA. - 8 HRS. 

DISCH. L75 AMP. 1.OV & 0.60V E.P. 

SEC. l a  

CHnRGE AT 75'F - D I S C W E  AT 7S0F - (AVG. 2 CYCLES) 
CONTROL CELLS (6) ZEST CELLS (8) 

AVG. RANGE AVG . KANGE 

END OF CHARGE VOLT. 1.40 -02 1.39 002 
5 SEC. EISCH.  VOLT. 1.27 -03 (STAND TIME 1.30 004 

MID. VOLT (1OV EP) 1.19 .04 1.20 04 
MINUTES TO 1.OV 63.2 .4 66.5 8.7 

4 HRS.) 

MINUTES TO 0 . 6 0 V  68.6 .A n 7.8 
0 CHARGE AT 75 F - DISCHARGE AT O°F (AVG. 2 CYCLES) 

AVG. RANGE AVG . RANGE 

END OF CHARGE VOLT. 1.40 -01 1-39 003 
5 SEC. QISCH. VOLT. 1.18 -08 (STAND T I M E  1.22 . 06 

XID. VOLT (1.OV EP) 1.09 -10 1.14 . 08 
MINUTES TO 1.OV 28 12.6 30 09 11.6 
MINUTES "0 0 . 6 0 V  40.6 16.6 44.4 18.9 
SUPP. D I S C H  TO 0660v 

e m.1 

(75 F) 23 28.6 

CHARGE AT 75'F - DISCHAFGE AT+32 'F  (AVG. 2 CYCLES) 

AVG. RANGE AVG . RANGE 

END OF CHARGE VOLT. 1.42 c 1 0 1 1  . 01 
5 SEC. DISCH. VOLT. 1.19 .06 (STAND TI- 1.23 04 

M I D  VOLT (1.OV EP) 1.10 . 11 1.15 -04 

MINUTES TO O.&V 34.4 9 09 48.8 15.9 

7 HRS.) 

MINUTES TO 1.OV 23.5 12.7 36.1 18.6 

CHAFGE AT 75'F - DISCHARGE AT+165'F (AVG. 2 CYCLES 

AVG . KANGE AVG . RANGE 

END OF CHARGE VOLT. 1 4  001 1.41 002 
5 SEC. IIISCH. VOLT 1.18 -02 (STAND T I M E  1.19 . 02 
MID VOLT. (1.OV EP) 1.15 002 1.15 002 
M I N U T E S  TO 1.OV 74.2 9.2 77.2 9 04 
MINUTES TO 0 .60V 81.5 12.6 85-5 11.6 

53 HRS.) 

NOTE: STAND TIME REFERS TO HOURS AT TEMP. BEFORE DISCH. COMMENCED. 

xwii 



R.A.I. SEPARATOR 7095-20 TEST PLAN 3 (CON'T.) 

SEC. lb. 
0 0 

CHARGE AT 0 F - DISCHARGE AT 0 F (AVG. 2 CYCLES) 

CONTROL CELLS ( 6 )  TEST CELLS (8) 

AVG . €LUGE AVG . RANGE 

END OF CHARCE VOLT. 1.57 012 1.53 012 
5 SEC. DISCH. VOLT 1.24 .lo (STAND 1.27 0 0 6  
MID. VOLT (1,OV Ep) 1.12 .lo TIME 16 HR 1.15 .06 

MINUTES "0 0 . 6 0 V  84 10.3 84.1 13 03 
i*m!L!B To 1,ov n .I 25.2 75.4 25.8 

SUPP. D I S C H  TO .gV 
AT 75 F 74.5 n .i 

CHARGE AT+ 32OF - DISCHARGE AT+32OF (AVG. 2 CYCLES) 

AVG . KAME AVG . FLANGE 

END OF CHARGE VOLT. 1.52 23 1.48 -05 
5 SEC. DISCH. VOLT. 1.17 .22 (STAND 1.26 .06 

T I b E  16 
17i "s. 

M I D  VOLT (1.OV EF) 1.09 -15 1.17 .08 
MINUTES TO 1.OV EP 45.3 52.7 67 18.8 
MINUTES To 0.60V 67.7 11.2 74.5 8.5 
SUPP. DISCH TO .6V 

AT 75'F 15.8 23.6 

C W E  AT +16!joF - DISCHARGE AT+ 165OF (AVG. 2 CYCLES) 

CONTROL CELLS (6) 

P-VG . RANGE AVG. RANGE 

TXST CELLS ( 8 )  

END OF C W E  VOLT. 1-34 . 01 1.32 . 02 
5 SEC. DISCH. VOLT. 1.18 -03 (STAND TIME 1.18 004 

PIID. VOLT (1.OV EP) 1.13 03 1.12 07 
MINUTES To 1.ov 48 -9 12.4 48.5 14.3 
MINUTES TO 0.60~ 59.5 9.8 56 14.3 

165 m.1 

NOTE: STAND TIME REFERS TO ELAPSED TIME BETWEEN CHARGE & DISCH. 





e 



H.A.1. SEPAFUTOR 7095-20 TEST PLAN 3 

BEFORE AFTEH 
AVG . H AVG . R AVG. R. 

SEC. I d  (AFTER LIFE CYCLE): 

CHARGE 75'F - DISCHARGE 75'F 0 

AVG . 

CELLS WHICH 1.W LIFE CYCLED AT O°F (AVG. 2 CYCLES) 

1.17 002 1.20 . 01 
69.1 0.2 66.9 9.7 

~ 72.2 0.7 n.3 12.6 

CONTROL CELLS (2) TEST CELLS (3) 

I 

R 
END OF CHARGE 1.40 - 

VOLT 

VOLT 
M I D  VOLT (l.OVEP)1.18 

1.27 .02 

-01 
MINUTES To 1.OV 61.9 6.7 
14lNU'l'ES TO 0.60V 67.4 7.3 

0 SEC. ixSCH. 

AFTER BEM)RE AFTER 
AVG . H AVG. R ' AVG. R. 
1.44 .01 1.39 002 , 1 .w 001 

1.16 04 1-30 - 1.28 002 

33.4 3.2 65.7 13.2 73.1 7.2 
58.? 3.3 69.3 14.8 \ 78.4 5 .? 

1.05 04 1.21 03 1 .l9 .02 

END OF CHARGE 1.39 002 

5 SEC. PXSCH, 1.28 002 

MID VOLT (1.0VEP)l.ZO . 01 
MINUTES TO 1.OV 63.9 8 
MINU'l'ES TO 0 . 6 0 V  68.2 7.6 

VOLT 

VOLT 

RE AFTER BEFORE 
AVG . R AVG . R AVG . H 

5 SEC. DISCH. 1.27 -03 0.80 29 1.30 - 
END OF CHAFGE 1.40 - 1.57 015 1.38 .01 

VOLT 

MID VOLT (l.OVEP)1.18 003 - - 1.20 - VOLT 

MINUTES TO 1.OV 63.5 8.8 - - 68.9 9.5 
MINUTES TO O.&V 70 6 04 13.8 19.6 73.2 7.5 

1.44 -01 1.39 002 

AFTER 
AVG R 
1.44 002 

1.27 03 

1.11, 002 
36.7 13.7 
51.5 8.3 

1.27 -02 1.30 001 

1.42 

1.25 

1.13 
61.6 
73 09 

.10 

17 
35 
13 09 

CELLS WHICH WERE CYCLED AT+32'F (AVG. 2 CYCLES) 

CELLS WHICH TOTERE LIFE CYCLED AT+165'F (AVG. 2 CYCLES) 

x L; i 



TZST PLAN 3; Sw3. IIA 

CELL VOLTAGE D U M %  30 DAY CHARGE 

H e  A . T SEPARATOR 7095-20 

AMBIENT T E .  

CELL TYPE 

START 
1 DAY 
2 
6 
7 
8 
9 
12 
13 
14 
15 
16 
18 
19 
24 
25 
?8 
30 

. 1 6 L  

CONTHOL TEST 
1 2 1 2 3  

DISCHAFGE AT 1.75 AMPERES 
20 HOUH STAND AT 75'F 

t r  
CONTKOL ' I  TEST 

1 2  3 1 2 1 2 3  
CELL TYPE CONTROL 

1 2  
OPEN CIRCUIT 
5 SEC. VOLT, 1.041.12 - - - 
MID. VOLT (~91.01 1-05 - - - 

VOLTAGE 1.26 1.23 168 1.07 .54 

- V) 

W N )  
TIME; 1'0 1;OV 3.9 15 - - 
TIME '1'0 0.60 45.1 72.3 - - - 

1.32 1.34 1.31 1.27 1.27 
1.25 1.27 1.26 1.22 1.23 
1.17 1.18 1.18 1.17 1.17 

83 90 123 105.3 96.9 

111.5 114.6 134 120 115.1 
1 ( M I N I  I I 



'I'EST PLAN 3; SEC. I1 A CONIT. 

CELL, VOLTAGE DURING 30 DAY CHARGE 

R.A.I. SEPARATOR 7095-20 

CELL TYPE 

START 
1 DAY 
2 
6 
7 
8 
9 
12 
13 
14 
15 
16 
18 
19 
211 
25 
28 
30 

AMBIENT TEMP. 
OOF 7 

CONTKOL 
1 2 1 1  2 3 

1.42 
1 .A6 
1.52 
1-54 
1.57 
1.55 
1.54 
1.54 
1.50 
1.52 
1-54 
1.53 
1.52 
1.52 

1.58 
1.58 

1.55 

1.57 

'LEST 
2 3 

CONTkOL C G L  TYPh 
1 2 1 I 

OPEN CIRCUIT 1.28 1.28 1.25 1.26 1.26 
VOLTAGE 

MID. VOLT (1.0 
5 SEC, VOLT. 1-24 1.29 1-21 1.17 1.22 

V) 1.16 1.16 1.16 1.09 1.16 

TIMA '1'0 1.OV 
l.IIN. u 8 . 3  175.2 131.4 51.1 1-52 

' r i u  *io 0.60V 
M I N .  163.3 183 146.2 99.2 166 



COINED OUTER 
COVER BLANK 

52 ALLOY PIN 

GLASS SEAL 

GLASS TO METAL SEAL 

COVER BLANK OUTER+ 1 
NIORO a R A Z E  

KOVAR CUP 

CERAMIC SEAL 

NICKEL FILL 
TUBE 

CERAMIC TO METAL SEAL 

liv 


